Two field experiments were carried out at the Experimental Farm (Ghazala Village), Faculty of Agriculture, Zagazig University, Sharkia Governorate, Egypt, during 2015/2016 and 2016/2017 seasons to study the influence of the bio-fertilizer Azotobacter (without and with inoculation) and four N levels (0, 40, 80 and 120 kg N/fad.) on nitrogen use efficiency (NUE), yield and its attributes of two bread wheat cultivars (Gemmeiza11 and Misr2). Results of combined analysis revealed that Misr2 cultivar produced the highest number of spikes per square meter, grain and biological yields compared to Gemmeiza11 which was superior in plant height, spike length, spike grain weight, thousand grain weight and harvest index, as well it was higher in NUE. Inoculating wheat grains with Azotobacter chroococcun (in commercial form Biogein) before sowing significantly increased studied traits i.e. Plant height, spike length, spike number/m 2 , grain weight/spike, 1000-grain weight, grain and biological yields/fad., and harvest index, but in contrary NUE decreased by Azotobacter inoculation during the two seasons and their combined analysis. Results of combined analysis also indicated that increasing N application level up to 120 kg N/fad., significantly increased each of plant height, spike length, spike number/m 2 , grain weight/ spike, grain and biological yields/ fad., and decreased NUE that responded to N addition up to 80 kg N/fad. Significant interactions between the studied factors indicated that the addition of Azotobacter increased the response of wheat cultivars to the increase of N level particularly. According to the results of the interactions between cultivars and Azotobacter, cultivars and N-fertilizer levels and between Azotobacter and N levels, wheat cultivar Misr2 should be fertilized with Azotobacter and 120 kg N/fad., to produce the highest yield. Moreover, the results showed the significant interaction effect between bio and N fertilizer levels on NUE where the efficiency of N use was higher with Azotobacter inoculation and 80 kg N/fad., in comparison to control and 120 kg N/fad.
INTRODUCTION
Wheat (Triticum aestivum L.) used as a source of both food and income and considered as the most important strategic cereal crop not only in Egypt but also in the world and is the staple food for about one-third of the world's population (Abd Allah and El-Gammaal, 2009). The gap between production and consumption in Egypt remains wide in spite of the exerted efforts for increasing wheat production (Attia and Barsoum, 2013). To minimize this gap, it is necessary to enhance both of the productivity of unit area and the total cultivated area by choosing the highly yielding cultivars and suitable fertilization amount (Atia and Ragab, 2013). http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master
Plant Production Science
Many researchers had indicated that there were significant differences between cultivars in their response to studied factors in terms of growth and yield Hafez et al., 2012; Fadl, 2016; Zaki et al., 2016) . As well, Gaju et al. (2014) indicated that using wheat cultivars with higher NUE can participate in decreasing N fertilizer amount without affecting grain yield. Sadras and Lemaire (2014) recorded that cultivars that more effective in N use is one of the main wheat breeding programs goals.
Utilization of bio-fertilizers considered as a key part of organic farming, it is minimizing the harmful effects of excessive use of chemical fertilizers through its ability to facilitate elements to plants ( Rana et al., 2012) . Azotobacter biofertilizer has an important role in fixing atmospheric nitrogen in rhizosphere zone of wheat and many other crops, and also contributes to maintenance of soil fertility Mahato and Kafle, 2018) reported that wheat grains inoculated before sowing with Azotobacter led to a significant increment in yield and yield components i.e. plant height, number of spikes per square meter, thousand grain weight, grain and biological yields.
Obviously, the main method to preserve the soil or to restore its nutrients and also to increase crop yields is the application of mineral fertilizers such as nitrogen (Hirel et al., 2011) . Substantially, nitrogen is the most limiting nutrient for wheat production; it affecting plant growth, yield and NUE. Likewise (Noureldin et al., 2013; Haileselassie et al., 2014; Daba, 2017; Harfe, 2017) stated that applying N fertilizer led to an increment in each of plant height, spike length, 1000 grain weight, grain and biological yields but decreased NUE with excessive levels of N. In this respect, the commercial nitrogen fertilizers are used for its particular solubility and easy uptake by plants, but unfortunately they represent a significant cost in wheat production (Cui et al., 2014) .
Based on the facts discussed above, this investigation carried out to study the effect of bio-fertilizing by Azotobacter inoculation and N fertilizer application on yield, yield attributes and nitrogen use efficiency (NUE) of two wheat cultivars.
MATERIALS AND METHODS

Site Description and Soil Analysis
Two field experiments were conducted at the Experimental Farm (Ghazala Village), Fac. Agric., Zagazig Univ., Sharkia Governorate, Egypt, (30.11_N, 31.41_E) during two winter successive seasons 2015/2016 and 2016/2017 to find out the effect of cultivar differences, biofertilizer (Azotobacter chroococcum) inoculation and four nitrogen fertilizer levels on NUE and yield of wheat.
The preceding crop was maize (Zea mayes L.) in both seasons, and the soil was clay in texture; it has a particle size distribution of 22.63, 30.67 and 46.70% for sand, silt and clay, respectively. The soil had an average pH value of 7.99, EC 1.88 dSm -1 (soil paste extract) and organic matter content of 1.04%. The available N, P and K contents were 58.91, 8.95 and 148.10 mg kg -1 , respectively (averaged over the two seasons for the upper 30 cm of soil depth). Mechanical and chemical analysis was carried out in Central Laboratory of Faculty of Agriculture, Zagazig University, Egypt.
Studied Factors and Experimental Design
This experiment included 16 treatments viz. two bread wheat cultivars (Gemmeiza11 and Misr2), two bio-fertilizer levels [without inoculation (control) and Azotobacter inoculation], and four nitrogen levels (0, 40, 80 and 120 kg N/fad.) Split-split plots design was applied with three replicates and each plot area was 12 m 2 (3× 4). The two cultivars were assigned to main plots, the two bio-fertilizer treatments were occupied in sub plots and the four N fertilizer levels were randomly allocated in the sub-sub plots.
Experimental Procedures
The recommended grain rate for each cultivar was 60 kg/fad., sown on 22 and 19 November 2015/2016 and 2016/2017, respectively. As recommended, wheat grains were inoculated before sowing with a free-living Nitrogen-fixing bacteria (Azotobacter) under the commercial name (Biogein) that contains a specific clone of Azotobacter chroococcum bacteria, conc.106 cells/ml. Biogein is produced by Bio-fertilizers Unit, General Organization of Agriculture Equalization Fund, Agricultural Research Centre, Giza, Egypt. Urea (46.5%) was used as a source of nitrogen which was added in three equal doses at: sowing, first and second irrigation. The basal doses of P and K, corresponding to 15 kg P 2 O 5 as super phosphate (15.5% P 2 O 5 ) was broadcasted at the time of soil preparation and 50 kg K 2 O as potassium sulfate (50% K 2 O) was added with the first irrigation.
Data Measurement
At harvest, 0.5 m 2 was taken randomly from each plot to determine yield and yield attributes i.e. plant height (cm), spike length (cm), number of spikes/m 2 , grain weight/spike (g), thousand grain weight (g), grain yield (ardab/fad.), biological yield (ton/fad.), harvest index HI: as a ratio of grain yield to biological yield fad. NUE = kg N fad.
Where GDW f = grain dry weight of fertilized treatment, GDW C = grain dry weight of control treatment Ns = N supplied
Statistical Analysis
The obtained data were analyzed with the appropriate method of statistical analysis of variance (ANOVA) as described by Gomez and Gomez (1984) by using MSTAT-C software, and the means were compared using least significant differences (LSD test) at 0.05 level of probability (Waller and Duncan, 1969). The error mean squares of split-split plot design were homogenous (Bartlet's test), the combined analysis were calculated for all studied traits in both seasons.
In interaction Tables, capital and small letters were used to compare rows and columns means, respectively.
RESULTS AND DISCUSSION
Cultivar Variation
The obtained results in Tables 1 and 2 indicate the different performance between wheat cultivars (Gemmeiza11 and Misr2) in most of traits under study. These may be due to the genetic variances between cultivars and their responded to external conditions (Zaki et al., 2012; Zaki et al., 2016) . According to combined analysis, Gemmeiza11 surpassed in plant height, spike length, grain weight/ spike, 1000 grain weight and harvest index by 3.85, 14.53, 25.74, 3.50 and 4.38%, respectively in comparison to Misr2, this result is in quite line with (Fadl, 2016) . On the other hand, Misr2 was superior in No. of spikes/m 2 , grain and biological yields/ fad., and NUE by 20.51, 5.73, 10.67 and 16.18%, respectively (combined data). However, there were no significant differences between cultivars in 1000 grain weight and NUE during the two seasons of the study. In this respect, same trend was supported by 
Bio-fertilizer Effect
Regarding to combined analysis, wheat grains that inoculated with Azotobacter significantly gave an increment in yield and yield attributes except nitrogen use efficiency NUE in comparison to control treatment (Tables 1 and 2 Giambalvo et al.,  2010) . Furthermore, the results reported that inoculation with Azotobacter significantly did not affect spike length, grain weight/spike and harvest index (HI) during the both seasons and also had no effect on NUE in 2 nd season. Similar trend of results were obtained by Abd El-Lattief ( 
N-fertilizer Effect
The obtained results of combined analysis in Tables 1 and 2 reveal that raising N fertilizer up to the highest level (120 kg N/fad.) increased yield and yield attributes i.e. plant height, spike length, No. of spikes/m 2 , grain weight/spike, grain and biological yields/ fad., by 9. 94, 18.95, 66.36, 32.82, 43.48, 35 .80%, respectively compared with control (without N application). and Harfe (2017) . Moreover, the results clarified that nitrogen use efficiency NUE increased with each increase in N unit over than control. But increasing N level up to 120 kg N/fad., decreased (NUE) which means that NUE increased up to optimum nitrogen application then reduced at the excessive N level as reported by (Noureldin et al., 2013; Haileselassie et al.,  2014; Daba, 2017; Harfe, 2017; Solomon and  Anjulo, 2017 and Zemichael et al., 2017) . Also, it was observed that NUE was significantly higher in 1 st season compared to the 2 nd one under all levels of N fertilizer.
Interaction Effect The interaction effect between cultivars and bio-fertilizer
Significant interaction effect between cultivars and bio-fertilizer was found for each of grain yield and harvest index (Table 3) . Generally, Misr2 cultivar surpassed Gemmeiza11 in grain yield/fad., with and without Azotobacter inoculation. As well, utilization of Azotobacter led to an increment in grain yield in both cultivars. On the other hand, Gemmeiza11 was superior in harvest index when wheat grains were inoculated with Azotobacter, while, under control treatment (without Azotobacter inoculation) there were no significant differences between cultivars in harvest index. These results are in line with those of 
The interaction effect between cultivars and N-fertilizer levels
There were significant interaction effects between cultivars and N-fertilizer levels on most of studied traits i.e. plant height, spike length, grain and biological yields/fad., harvest index and nitrogen use efficiency (NUE). Table 4 indicate that plant height and spike length of Gemmeiza11 were higher than Misr2 with each increase in N levels over control, and adding 120 kg N/fad., gave the highest values of both traits. Similar findings were reported by Abd El-Razek and El-Sheshtawy (2013) and Hassanein et al. (2018) .
Results in
In contrary, results obtained in Table 5 show that Misr2 cultivar was superior to Gemmeiza11 in grain and biological yields/fad., which increased by increasing N levels significantly up to 120 kg N/fad. This result is in close agreement with Table 6 that under different levels of N fertilizer, Gemmeiza11 had no significant differences with Misr2 in HI, except the level 80 kg N/fad., where Gemmeiza11 significantly surpassed Misr2. Also, adding 40 kg N/fad., to Misr2 was at par with the other two levels (80 and 120 kg N/fad.) in affecting HI. This result was in accordance with those obtained by Laghari et al. (2010) and Shahzad  et al. (2013) .
It is appear from
The results of NUE in Table 7 reveal that under the lowest level of N fertilizer there were no significant differences between Gemmeiza11 and Misr2, but increasing N levels showed a significant different performance of both cultivars, where NUE of Misr2 was higher than Gemmeiza11 under 80 and 120 kg N/fad. Clearly, previous results show that Gemmeiza11 more efficient than Misr2 in using nitrogen, as it gave its highest grain yield per nitrogen unit under the lowest N level.
The interaction effect between bio-fertilizer and N-fertilizer levels
Statistical analysis revealed significant interaction effects between bio-fertilizer and Nfertilizer levels on yield and nitrogen use efficiency which summarized in Tables 8 and 9 .
The results regarded in Table 8 illustrate that plant height and grain yield/fad., increased significantly by increasing N levels from 0 up to 120 kg N/fad., whether it was with or without Azotobacter inoculation, as well as the inoculation with Azotobacter led to a significant increment in both traits. These results also corroborated with earlier findings of El-Gizawy (2010), Abd El-Razek and El-Sheshtawy (2013), Namvar and Khandan (2013), Hassanein et al. (2018) and Mahato and Kafle (2018). As evidenced by the chemical analysis that the soil is poor in organic matter and nitrogen, this explains the positive effect of the interaction between bio-fertilizer and nitrogen because of their roles in improving soil and chemical properties, which was undoubtedly appeared in the increment of grain yield/fad. The interaction effect of bio-fertilizer (Azotobacter) and nitrogen fertilizer levels on NUE (Table 9 ) recorded that Azotobacter inoculation with 80 kg N/fad., increased wheat plants efficiency in using nitrogen, but under control treatment (without Azotobacter inoculation) nitrogen use efficiency was superior with adding the lowest level of N fertilizer (40 kg N/fad.) this conformably to the fact that NUE reduced by increasing available N in soil. These results are in agreement with Giambalvo et al.
(2010).
Conclusion
The results obtained from this study summarized that NUE and wheat yield influenced strongly by cultivar differences, bio and N fertilization. Gemmeiza11 was superior in all traits except No. of spikes/m 2 , grain yield and biological yields that were higher in Misr2. Azotobacter inoculation and the highest level of nitrogen (120 kg N/fad.), increased plant height, spike length, spikes number/m 2 , grain weight/ spike, grain and biological yields/fad., and decreased NUE. Moreover the results showed that applying 80 kg N/fad., gave the highest value from 1000 grain weight and harvest index. Thus, it is recommended to use a combination of biofertilizer (Azotobacter) and moderate level of Nfertilization to get the highest yield and decrease adverse environmental effects. 
